Introduction
Ecosystem integrity, through balancing hydrological processes has been widely recognized as important ecological service of the forest. As indicated by earlier research (Brooks et al. 1997; Hewlett and Helvey 1970; Hewlett and Hibbert 1967) , interception, evapotranspiration, infiltration and soil water storage are the key ecological functions of forest in balancing hydrological processes of the forested watershed. Also, studies have clearly indicated that water flowing from forested watershed is of relatively higher quality than that flowing from non-forested areas (Douglass 1974; Patric et al. 1984; Yoho 1980) . This is mainly due to reduced surface runoff and soil erosion from the forested area (Fohrer et al. 2001) .
Given the economic benefits associated with timber production, forests in the watersheds are rarely kept intact for water resources (Douglass 1974; Jones et al. 2009 ). Forest harvesting, which is usually practiced to optimize the economic benefits, often results in hydrologic imbalances of the forested areas (Arthur et al. 1998; Hewlett and Helvey 1970; Jones and Grant 1996; Sun et al. 1998; Thomas and Megahan 1998) . In particular, Hewlett and Helvey (1970) have reported 18% increase in mean water yield following clear cutting in 108 acres of forested land.
In the state of Mississippi, more than $1 billion worth of forest products are known to be harvested annually (Munn and Tilley 2005) . It is no doubt that such massive harvesting activities will have significant disturbances to the forested area and hence to its hydrologic processes. The majority of water bodies in Mississippi have been identified as being biologically impaired due to sediment, pathogen, nutrient and mercury (MDEQ 2010) . The Upper Pearl River Watershed (UPRW) drains into the Ross Barnett Reservoir (RBR), which is one of the largest surface water of Mississippi (MDEQ 2010) . Excess erosion and sedimentation from land management activities within the UPRW are considered as biggest threat to RBR. And, among others, forest harvesting has been identified as one of the major causes (MDEQ 2000 (MDEQ , 2007 .
The overall objective of this study was to evaluate the impact of forest harvesting on hydrological and water quality characteristics of the UPRW by applying forest harvesting on various percentages of the forested area. The Soil and Water Assessment Tool (SWAT) model was used for assessing hydrologic impacts such as flow, surface runoff and water yield, and, water quality effect such as sediment load in the channel.
Methods and Materials

Study Area
This study was conducted in the UPRW located in east central Mississippi (Fig. 1) . The UPRW originates from the headwater in Choctaw and Winston counties in Mississippi and flows South into the Gulf Coast (MDEQ 2007) . It drains either in all or part of 11 counties namely: Choctaw, Attala, Winston, Leake, Neshoba, Kemper, Madison, Rankin, Scott, Newton and Noxubee in Mississippi. UPRW encompasses an area of approximately 7588 square kilometers.
The watershed is primarily forested with woodland (72%), pasture (20%), urban (6%) and others (2%) with predominantly fine-sandy-loam and silt-loam textured soils (Parajuli 2010) .
Model Description
Soil and Water Assessment Tool (SWAT) model version 2005 (Neitsch et al. 2005 ) was used for this study. Given the ability of SWAT model to simulate the long term impact of different land management practices on hydrologic regime and pollutant transfer, it is widely used during recent years (Eckhardt et al. 2003; Fohrer et al. 2001; Githui et al. 2009; Kalin and Hantush 2006; Kepner et al. 2004; Kuhnle et al. 1996) . SWAT is a distributed, process-based watershed scale hydrological model. Major hydrologic processes that can be simulated by SWAT are evapotranspiration, surface runoff, infiltration, percolation, shallow aquifer and deep aquifer flow, and channel routing (Arnold et al. 1998) . Simulation of the hydrologic components of SWAT is based on the soil water-balance equation at each time step (Arnold et al. 1998; Neitsch et al. 2005) . SWAT computes surface runoff volume by using the modified United States Department of Agriculture (USDA) soil conservation service (SCS) runoff curve number (CN) method or the green and ampt infiltration method (Arnold et al. 1998; Borah and Bera 2003; Neitsch et al. 2005; Parajuli 2010 ). Erosion and sediment yield are computed with the Modified Universal Soil Loss Equation (MUSLE) (Williams and Brendt 1977) . Detail description of SWAT model can be found on Neitsch et al. 2005 .
Model Input
SWAT operates on GIS interface and, therefore, requires various sets of spatial (digital elevation model (DEM), soil map and landcover map) and non-spatial (precipitation, minimum and maximum rainfall, wind speed, snow and relative humidity) data. For this study, USGS 30 m × 30 m DEM was used for delineating entire watershed boundary, creating sub-watershed, defining stream network and for determining topographic information such as: slope, angle (USGS 1999 
Modeling Approach
For this study, two forest harvesting scenarios: clear cut harvest and thinning were created for evaluating their impact on hydrological regime and water quality characteristics. Forest harvesting scenarios were further subdivided into four hypothetical scenarios assuming both scenarios were applied to 5%, 10%, 15% or 20% of the forested area of entire watershed. Overall, eight scenarios were created for this study and their outcomes were compared with the validated SWAT model, assuming 0% harvesting. Sub-basins for applying four hypothetical scenarios were selected randomly using online randomizer (http://www.randomizer.org/), and same sub-basins were used for both harvesting scenarios for same harvesting percentage.
Comparison of MIFI landcover data layer from 1986 to 2006 showed 14% reduction in forested from 1986 to 1996 and 7% increase in forested area from 1996 to 2006.
Clear cut harvest, as the name implies, is the complete removal of trees from entire stand during one harvesting operation. On the contrary, thinned area retains tree even after the operation. Hence, hydrological and water quality impact due to thinning can be expected to be lower compared to clear cut harvest with no trees in harvested area. As mentioned earlier, interception, evapotranspiration and infiltration are the major hydrological components that are directly affected due to clear cut harvest and thinning. In SWAT these processes, and particularly infiltration is simulated by using the SCS curve number method with higher curve number indicating higher surface runoff and less infiltration (Neitsch et al. 2005) . Hence higher curve numbers were assigned on randomly selected sub-basins for simulating the impact of clear cutting and lower curve number on the same sub-basins for evaluating the impact of thinning.
The crop growth database of SWAT consists of three categories of forest namely: deciduous, evergreen and mixed forest. However, landcover data layer obtained from MIFI for the UPRW does not have these categories of forest and has been broadly classified as forest. Therefore, to provide consistent result, we created new plant growth database by taking an average of three forest categories. Parameters that were adjusted in newly created plant growth database are maximum leaf area index, maximum canopy height and number of years required for tree species to reach full development.
Model calibration and validation
SWAT model 2005 was calibrated manually for flow using average monthly measured data at three USGS gage stations: Burnside, Edinburg, and Carthage. The input parameters that were adjusted for calibration are presented in table 1. The selection of these parameters were based on the earlier study conducted by (Parajuli 2010) at the same site. The selected parameters were adjusted until each parameter showed maximum model efficiency during calibration period from 1980-1995. The final values of model parameters that demonstrated optimum model efficiency during calibration period were used for model validation period from 1996-2008. First year of model simulation were considered as model warm up period and were not considered during statistical analysis. Statistical measures such as R 2 , NSE, RMSE and PBIAS were used for assessing model efficiency for the calibrated and validated flow data (Moriasi et al. 2007; Parajuli 2010; Santhi et al. 2001; Srinivasan et al. 2010 ). On the other hand, efficiency of SWAT to predict water quality parameters such as sediment yield were not evaluated due to lack of observed sediment data at this site. Therefore, model predicted sediment yield and sediment load need to be interpreted cautiously. 
Results and Discussions
SWAT calibration and validation for UPRW
Results on the performance statistics between the observed and model predicted flow data from three USGS gage station for the calibration and validation data sets has been presented in /s for calibration and validation data sets, correspondingly. Similarly, the percentage of bias was found to be within ± 25% for two out of three USGS gage stations with PBIAS ranging from -0.1% to .31% and -0.08% to 0.32% during calibration and validation periods, respectively. The above results, therefore, reveal that there is reasonably well and quite close agreement between measured and model predicted flow data in the UPRW.
Hydrologic responses
Surface runoff and water yield at the watershed level Table 3 shows the response of mean annual surface runoff and water yield to clear cutting and thinning scenario for the entire UPRW. The simulation results demonstrated that all clear cutting scenarios had resulted higher surface runoff, while very little change was observed under thinning scenarios. Clear cutting at 20% caused a maximum mean annual surface runoff, which was a increase of 12 mm (2.57%), over the entire watershed. On the other hand no significant change was observed in mean annual surface runoff when clear cutting and thinning scenarios were increased from 5% to 15%. Bosch and Hewlett (1982) found 40mm change in annual water yield for coniferous forest and 25mm for deciduous forest at 10% change in forest cover. With same percent of forest cover change, Eckhardt et al. (2003) observed 13 mm change in annual water yield in confierous forest and 10mm in deciduous forest (Eckhardt et al. 2003) . In this study, we found approximately 8 mm increase in mean annual water yield at 10% clear cut scenario. While, in some ways, our result on water yield change appears to be closer to the findings of Eckhardt et al. (2003) . It is noteworthy to mention here that forest has not been categorized into coniferous and deciduous in our study; instead we have used general forest category. Therefore, deviation on the water yield changes due to forest cover change at the same percent from earlier studies can be expected. /s) against the base scenario. Such an insignificant impact of forest harvesting at the watershed outlet could be attributed to the spatial distribution of harvested sites and their distance to outlet. Furthermore, as described by Bosch and Hewlett (1982) change in stream flow cannot be detected by changing less than 20% forest cover (Bosch and Hewlett 1982) . 
Flow out at the outlet
Surface runoff and water yield from harvested HRUs
Harvesting impact within each percent area harvested were analyzed by comparing hydrologic changes prior to and after harvesting. Maximum change on mean annual surface runoff was observed from 5% area for both scenarios as compared to their respective base scenarios. The higher increase in surface runoff from 5% area compared to other percent scenarios suggested that hydrology of HRUs on which 5% scenario was applied is more sensitive to forest harvesting in comparison to other areas where percent scenarios were applied
In the contrary to the result of surface runoff, maximum change in water yield was observed from 20% area for both clear cutting and thinning scenarios. Mean annual water yield increased by 214mm (51%), as a result of clear cutting, and by 51 mm (12%), due to thinning, at 20% of forested area of the watershed. Increase in mean annual water yield for both scenarios and for all percent scenario is significantly higher at harvested sites compared to increase in water yield over the entire watershed.
Impact on water quality
Sediment yield from the entire watershed
At the watershed level, results showed no significant difference on mean annual sediment yield for all percent of forest area harvested as well as between harvested scenarios: clear cutting and thinning. Since, more than 25% area of each sub-basin is forested, it can be expected that forest covers that are below the harvested area might have affected the settling threshold of sediment particles that were lifted and transported from the harvested areas, thereby, resulting in no significant change on mean annual sediment yield of the entire watershed (Brooks et al. 1997) . Table 5 demonstrates the simulated change in mean annual sediment yield within each percent area clear cut and thinned. Harvesting impact on sediment yield was identified by analyzing sediment yield generated from the same area before and after harvesting. Impact of both harvesting scenarios on mean annual sediment yield appears to be exceptionally high at the harvested sites as compared to their impact over the entire watershed. More than 100% increase in mean annual sediment yield was observed for all clear cut scenarios as compared to their respective base scenarios. Impact of thinning was also found to be significantly very large. Except at 15% thinned area, mean annual sediment yield had increased by almost 50%.
Sediment yield from harvested HRUs
Results also showed that maximum mean annual sediment yield of 83.08 kg/ha , as a result of clear cut, and 67 kg/ha, due to thinning, were generated from 10% harvested area, as compared with their respective base scenario, hence suggesting higher sensitivity of HRUs under 10% harvested area to soil erosion. 
Sediment out at the watershed outlet
Response of mean annual sediment at the watershed outlet to both clear cutting and thinning for different percent area harvested can be observed in table 5. Sediment out is the amount of sediment transported with water into reach during time step. Result shows that variation in mean annual sediment load from clear cut and thinned area at different percent have generally followed the trend of flow. While higher sediment out was observed at the watershed outlet for 
Conclusion
In this study, SWAT model was used to simulate the impact of forest harvesting such as clear cutting and thinning on hydrologic and water quality characteristics of the UPRW located in east central Mississippi. Both harvesting scenarios were simulated at 5%, 10%, 15% and 20% forested areas of the watershed. The statistical analysis such as R 2 , NSE, RMSE, and PBIAS were used for evaluating SWAT model efficiency for predicting average monthly flow at 3 USGS gauge stations. The calibrated SWAT model showed fair to good performance with R 2 ranging from 0.70 to 0.74, NSE from 0.42 to 0.70, RMSE from 1.1 to 4.8 m 3 /s and PBIAS from 0.1% to 0.3%. SWAT model also adequately performed well over the validation period with R 2 ranging from 0.48 to 0.57, NSE from 0.40 to 0.59, RMSE from 0.38 to 3.53 m 3 /s and PBIAS from -0.08% to 0.32%.
The preliminary findings of this study demonstrated that all hydrologic and water quality characteristics were consistently higher under clear cutting scenarios. Over the entire watershed, when clear cutting was considered at 20%, mean annual surface runoff increase by 12 mm (2.57%) and mean annual water yield by 13 mm (2.78%). Likewise, at the watershed outlet, 20% clear cutting had resulted in increase of mean annual flow by 3 m 3 /s and mean annual sediment out by 6992 tons. In addition, hydrologic and water quality characteristics for all clear cut scenarios were found to be more significant at the harvested site than over the entire watershed. At harvested sites, increase in hydrological and water quality characteristics did not occur with the increase in percentage of harvested area. As compared with base scenario, increase in mean annual surface runoff was found to be higher at 5% clear cut scenario than at 20%, while increase in mean annual sediment yield was higher at 10%, thereby, suggesting the greater sensitivity of 5% and 10% area to forest harvesting as compared to15% and 20% area. In the contrary, in case of mean annual water yield (214mm) greater change had occurred at 20%. Overall, the results indicate that the hydrology of UPRW is sensitive to forest harvesting and, therefore, excessive clear cutting could result in increased flow and sediment generation from the watershed.
